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Introduction 

or almost 20 \ears, the National 
Assessment of Educational Progress 
(NAEP) has reported on the status and 
progress of educational achievement in 
the United Stales. Based on its surveys 
of students at the elementary, junior-high, and high- 
school levels, "The Nation's Report Card" provides 
comprehensive information about what students m 
the U.S. know and can do in various subject areas 
NAEP contributes information on students' strengths 
and weaknesses m basic and higher-order skills: 
provides data comparing groups of students by race/ 
ethnicity, gender, type of community, and region: 
describes trends in performance across the years: 
and reports relationships between achievement and 
certain background variables. 

Context for Planning the 
1990 Mathematics Assessment 

In 1988, Congress passed new legislation for NAEP 
which included — for the first time in the project's 
history — a provision authorizing voluntary state-by- 
state assessments on a trial basis, in addition to the 
national assessments that NAEP had conducted since 
its inception. Anticipating this legislation, the federal 
government arranged for a special grant from the 
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National Science Foundation and the Department ol 
Education to the Council of Chief State School Offi- 
cers (CCSSO) in mid- 1987 to lay the groundwork for 
state comparisons. Providing recommendations for 
the 1990 mathematics assessment that reflect state- 
level concerns was the purpose of the National As- 
sessment Planning Project, conducted under the 
auspices of the CCSSO. 

he project had two primary responsibilities. 
The first was to recommend objectives for the 
state-level mathemuth & assessment, and the 
second was to make suggestions for reporting state 
results. Because the legislation specifying that the 
state trial mathematics assessment would be at the 
eighth-grade level had not been passed by Congress 
whin the National Assessment Planning Project 
began its work, and because the objectives had to be 
coordinated for all grades assessed by NAEP — 
fourth, eighth, and twelfth — the project developed 
objectives for all three grades to be assessed in 1990. 

Assessment Development Process 

The National Assessment Planning Piojeet patterned 
the development process for the 1990 mathematics 
objectives after the consensus process described in 
Public Law 98 51 1, Section 405 IE). wIm h authorized 
NAEP through .June :*(), 1988. The law stated that 
"each learning area assessment shall have goal 
statements devised through a national consensus 
approach, providing for active participation of (each 
its. curriculum specialists, subject nutter special 
is's. local school administrators, parents, and mem- 
bers of the general public." Because the 1990 mathe- 
matics assessment will produce state report cards m 
addition to the national report card, the development 
process was expanded to ensure ( aielul attention to 
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the formal mathematics objectives of states and of a 
sampling of local districts, and to the opinions o! 
practitioners at the state and local levels as to what 
content should be assessed. Perhaps to a greater 
extent than any previous NAEP assessment, the 
design of the 1990 mathematies assessment — 
particularly the state trial assessment — depended on 
the involvement and support of diverse contributors. 

To £uide Us efforts in developing recommendations 
for state-level assessments in mathematies. the 
National Assessment Planning Project's Steering 
Committee — whose members included policymak- 
ers, practitioners, and citizens nominated by 18 
national organizations — adopted a policy statement 
on the purpose of state comparisons and the condi- 
tions that should be met. The statement follows. 

The purpose of a state le»el student achievement 
comparison is to provide data on student pei lormance 
to assist policymakers and ecluuitois to work toward 
tile improvement of education. Such data can he use 
Jul by encouragincf and c onlnhuiing to a dis< ussion o\ 
the quality oj education and the conditions thai 
determine it. 

State comparative achievement data are useful it t\u>\}: 

* represent pei jon nance based on a consctisus oj 
what is important to learn. 

★ use sound tesnny and psychometric pint tires: 

Retake into account chlfeient (iicumsUuices ind needs 
that slates face: and 

*arc associated with technics of school systems that 
can \)c improved by polu ymakers and ediu ators. 

A Mathematics Objcc ti\cs Committer comprised 
ol a I earlier, a school administrator, mathematu s 
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education specialists lrom various states, mathemati- 
cians, parents, and citizens — was created by the 
CCSSO to recommend objectives for the assessment 
based on these guidelines. The draft objectives, 
together with a set of sample questions, were distrib- 
uted to the mathematics supervisor in the depart- 
ment of education in each of the 50 states. These 
specialists convened a panel thai reviewed the draft 
objectives and returned comments and suggestions to 
the project stall. Copies of the draft were also sent to 
25 mathematics educators and scholars for review. 
Following the incorporation ol comments and revi- 
sions, the final lccommcndations of the Mathematics 
Objectives Committee were approved by the National 
Assessment Planning Project Steering Committee. 1 A 
list of participants in these stages of the assessment 
development process can be found on page 37. 

he objectives were subsequently submitted 
§| to the National Center lor Education Statistics 



NAEP's governmu board, the Assessment Policy Com 
mil tee (APC) The APC approved the recommenda- 
tions ol the National Assessment Planning Project 
with minor provisions about the feasibility ol full im- 
plementation 2 The objectives wei further defined by 
NAEP's Item Development Panel, reviewed by the 
Task Force on State Comparisons, and resubmitted 
to NCES tor peer review. The penultimate draft was 



( mini ll oj ( I il( f StaU St iloo] OH u < i s Assessing \1n0wnmtu s 1/1 UNO hi/ 
r/ic Vmou'if ,\sst ss/ncfU u/ Ldm mutual htnfn ss Washington IK National 
Assessment i'lanmni* Ptoje( 1 < h I<)88 

1 Ills .!( tlOII IS ( OtlUllH (I If I .1 sl.llt I IK 111 IssiK (I 1)\ till Aw SSJIK lit Vi)\\i \ 

( oinmilK ( s uti\t ( uiiitiutu < on Apnl 2 ( ) l ( )8H I Ik leioimnend.iUoiis 
\v< n ialiliedh\ »1k ful! ( oiiiiiiUU < on .Juik 18 1<)88 with two stipulations 
hi si. lint lh( ol)|( ( ti\( s In so \w ijLihu (1 «is to pt milt h porting on lt( lids in 
pt tfoimaiK ( and second uilh it ^ard to Ihe use ol < all ulatnr a< ti\< it( ms 
and open k spot im tju<stious thai llu assessment hi dt \ eloped within the 
ii'souhcs available foi its admintstiation 
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then distributed to state representatives lor eom- 
ments. The final objectives, presented herein, provide 
specifications for the 1990 mathematics assessment 
at grades 4. 8. and 12. In addition. NAEP is preparing 
a second booklet describing specifications for the 
eighth-grade state tried assessment, to he published 
under separate cover. 

Assessment Design Principles 

Several principles emerged during the discussions of 
the Mathematics Objectives Committee and became 
the basis for structuring the framework lor the 1990 
assessment. One is that a national assessment 
designed to provide state-level comparisons should 
not be directed tc the states' 'least common denomi- 
nator." measuring only those topics and skills in the 
objectives of all states and thereby discouraging 
desirable curriculum development. Nor can it be 
geared to the least common denominator ol student 
preparation: therefore, the objectives provide for 
challenging questions at Cadi grade level For ex- 
ample, some questions at the grade 12 level may he 
appropriate only for college-bound students. The 
assessment must also address the concern that its 
objectives might be used to steer instruction toward 
one particular pedagogic al or philosophic al viewpoint 
to the exclusion of others that arc widely held. 

No assessment can measure everything, In derid- 
ing what topics and abilities should be incasuiecl. the 
committee responsible lor developing the 1990 math- 
ematics objec tives was guided by seve ral considera- 
tions: The assessment should reflec t many ol the 
states' auricular emphases and objectives: be inclu- 
sive of what various scholars, practitioners, and in- 
terested citizens believe should be m the curriculum, 
and maintain some ol the content ol prior assess- 
ments to allow reporting ol trends in performance. 
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ccordingly, the committee gave attention to 
several frames of relerence hist, it consid- 
ered states' goals and concerns, as reflected 
through analyses ol state mathematics curriculum 
guides and the recommendations of state mathemat- 
ics specialists. A report on "Issues in the Field." 
based on telephone interviews with leading mat he- 
matics educators, and a draft assessment tramcwork 
provided by a subcommittee of the Mathematics Ob- 
jectives Committee also contributed to the develop- 
ment process. 

In generating its recommendations, the committee 
drew upon the draft of the Cunwuluw and Evaluation 
Standards Jar School Mathematics developed by the 
National Couin \\ o* Teachers ol Mathematics Pro- 
duced through intensive work b\ leading mathemat- 
ics educators in tin* United States, the report is a 
significant statement on what mathematics should be 
taught in the schools < 

In devising objectives lor the 1990 assessment, the 
committee also gave close eonsidci ation to the design 
of the 1986 mathematics assessment.' The frame- 
work for the 1986 assessment had seven content and 
five process areas lor a matrix oi 35 cells, whose com- 
plexity militated against easy understanding. In 
addition, given resource limitations, the weightings 
assigned to various cells in the framework left too few 
questions in some cells to provide reliable measures 
of students* knowledge and skills. Therefore, it was 
decided that the outline oi matrix guiding the devel- 
opment ol the 1990 assessment needed to be simpli- 
fied, and that necessary complexity could be reflected 

Nti1iuii.il ( ouih tl ol I < ,h lii is nS main s < nn t ultttn find I i nhuuu>n 

Stutuhtttls /or S</iooi \Uuln nuitu s Kt sicm \ \ Vilion.tl ( ouni'l ol 
i r.u h< i s ol Math* tn.itK s I'tsr 

1 YlilUM.ll Asscssmt 111 ot LillU .UUHKll |'iom» ss Mutlu HUilU S t)}>} { (tilt s 

/'V>"> 8f».\ss« ssifu fir Pnnw !on \J Ytl 1011.1l \ss« sxin, nl ol f dtii I'lunil 
I'lopuss \j\ih ahoti il I cstlMU StlvK ( l*iS/ 
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through the designation of specific abilities and 
topics in each content area. 

A linal principle recognized by the committee 
drafting the objectives was that the application ol 
mathematics is far more holistic than a matrix im- 
plies. The mathematics content areas and ability 
categories described in these objectives are. l nere!on 
not discrete or mutually exclusive, but rather highly 
integrated. 
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Chapter 

two 

Framework for the 
Assessment 

hi 1 framework for the 1990 mathemat- 
ics assessment is organized ai cording 
to mathematical abilities and content 
areas. The mathematical abilities as- 
sessed are conceptual understanding, 
procedural knowledge, and problem solving. Con 
tent is drawn primarily frqm elementary and secon- 
dary school mathematics up to, but not including. 
Calculus. The content areas assessed arc Numbers 
and Operations: Measurement, Geometry; Data 
Analysis, Statistics, and Probability; and Algebra 
and Functions. 

The Iramcwork lor the 1990 mathematics assess- 
ment is provided in Figure 1, illustrating the relation- 
ship bct\u\ 1 the three categories of mathematical 
abilities and the five content areas included in tnc 
assessment. The weightings for these dimensions of 
the Iramcwork are pros ited in the latter part ol 
this chapter. Desc riptions ol the two dimensions ot 
the framework — mathematical abilities and con 
tent areas — are provided m Chapters 3 and k 
respectively 
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Figure 1 

Framework for the 1990 Mathematics Assessment 



Mathematical 
Ability 


Content Area 


Numbers & 
Operations 


Measurement 


" 

Geometry 


Data Analysis, 
Statistics & 
Probability 


Algebra & 
Fun:tions 


Conceptual 
Understanding 












Procedural 
Knowledge 












Problem 
Solving 













Distribution of Assessment Questions 

The assignment of percentages to various mathemati- 
cal abilities and content areas is an important leature 
of assessment design bec ause such "weighting" 
rcflcc ts the importance or value given to these areas 
at each grade level. Over the four pievious mathemat- 
ics assessments, the percentage distribution of 
questions in each area has changed, and these 
changes continue in the new assessment. For 1990, 
the CCSSO advisors were interested in creating an 
assessment that would be forward-thinking anJ 
could lead instruction: thus, more emphasis was 
given to problem solving than in previous assess- 
ments. Also, participants in the CCSSO process 
advised that greater emphasis be given to Geometry 
and Algebra and Func tions, and less to Numbers and 
Operations than in the past. The approximate per- 
centage distribution ol questions by mathematical 
ability, content area, and grade is provided in Tables 
1 and 2. 
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Table 1: Percentage Distribution of Questions 
by Grade and Mathematical Ab.hty 



Mathematical Ability 


Grade 4 


Grade 8 


Grade 12 


Conceptual Understanding 


40 


40 


40 


Procedural Knowledge 


30 


30 


30 


Problem Solving 


JO 


30 


30 



Table 2: Percentage Distribution of Questions 
by Grade and Content Area 



Content Area 


Grade 4 


Grade 8 


Grade 12 


Numbers and Operations 


45 


30 


25 


Measurement 


20 


15 


15 


Geometrv 


r 




20 


Data An?lys:s t Statistics and Probability 

Algebra and Functions 




10 r 7b~ ^ 

"10 " 1 "io" 


15 

"~25 



It should be emphasized that the percentage 1 
distributions presented here, and the lists of sample 
topics provided m later se< 'ions of this booklet, are 
not intended to prescribe curriculum standards, 
rather, they are designed lor the purpose ol con- 
structing a complete and ba'aneed assessment 
instrument at each grade level. An analysis ol stu 
dents' performance based on the enure set ol items 
allows NAEP to report on average* mathematics 
proficiency. In addition, analysis >f p rformance on 
subsets of items, corresponding to the content areas 
of I he assessment framework, permits reporting on 
patterns of achievement on h\c mathematu s sub 
scales: Numbers and Operations, Measurement, 
Geometry: Data Analysis. Statistics, and Probabiliiv 
and Algebra and Functions. 
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Mathematical Abilities 




Indents' mathematical abilities can be 
classified into three categories, concep- 
tual understanding, procedural knowl- 
edge, and problem solving (sec Figure 2). 
This classification 1 > not meant to be hi- 
erarchical, in that questions within am of the three 
categories may be relatively c omplex or simple. 
Problem solving involves interactions between con- 
ceptual knowledge and procedural skills at any grade 
level, but what is considered complex problem solving 
at one grade level may be considered conceptual 

iderstancling or procedural knowledge at a dillcrent 
grade level. The same concept or skill can be as- 
sessed in a variety of representations, with tables, 
pictures, verbal descriptions, or >ther cues. The 
context of a question thus helps to determine its 
categorization. 

Figure 2 
Mathematical Abilities 
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Conceptual Understanding 

Students demonstrate conceptual understanding in 
mathematics when they provide evidence that they 
can recognize, label, and generate examples and 
counterexamples of concepts; can use and interrelate 
models, diagrams, and varied representations of 
concepts: can identify and apply principles; know and 
can apply facts and definitions, can compare, con- 
trast, and integrate related concepts and principles; 
can recognize, interpret, and ^pply the signs, sym- 
bols, and terms used to represent concepts; and can 
interpret the assumptions and relations involving 
concepts in mathematical settings. Such understand- 
ings are essential to per r orming procedures in a 
meaningful way and applying them in problem- 
solving situations. 



Abilities: 

1 Recognize, label, and generate examples and 
counterexamples of concepts 

2. Use models, diagrams, and symbols to represent 
concepts 

3. Identify and apply principles. 

4 Know and apply facts and do I in it ions 

5. Make connections among different modes of 
represent anon of concepts. 

6. Coinpaie. contrast, and integrate concepts 
principles 

7 Reeogni/e. mterpiet. and apply symbols to it pie 

sent concepts. 
8. Interpiet assumptions and relations involving 

concepts. 
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Procedural Knowledge 

Students demonstrate procedural knowledge in 
mathematics when they provide evidence of then- 
ability to selec t and apply ippropnatc pro< cdures 
correctly; verify and justify the correctness of a 
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procedure using concrete models or symbolic meth- 
ods; and extend or modify procedures to deal with 
factors inherent in problem settings. 

Procedural knowledge includes the various nu- 
merical algorithms in mathematics that have been 
created as tools to meet specific needs in an efficient 
manner. It also encompasses the abilities to read and 
produce graphs and tables, execute geometric con- 
structions, and perform noncomputational skills 
such as rounding and ordering. 

Abilities: 

1 Select and apply appropriate procedures correctly. 

2 Verify and justify the correctness of applu ations ol 
procedures. 

Problem Solving 

In problem solving, students arc required to use then- 
reasoning and analytic abilities when they encounter 
new situations. Problem solving includes the ability 
to recognize and formulate problems: determine the 
sufficiency and consistency of data; use strategies, 
data, models, and relevant mathematics: generate, 
extend, and modify proeedu.es: use reasoning (i.e. 
spatial, inductive, deductive, statistical, and propor- 
tional); and judge the reasonableness and correctness 
of solutions. 

Abilities: 

1. Recognize and formulate problems 

2. Understand data sufficiency and consistency 

3 Use strategies, data, models, and relevant mathe- 
matics. 

4. Generate, extend, and modiiy procedures. 

5. Reason (spatially, inductively, deductively, statist! 
eallw and proportionally). 

(>. Judge the reasonableness and correctness of 
solutions. 
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(Qhapter 
four 

Content Areas 

~~~^\ o conduct a meaningful assessment of 
i mathematics proficiency, it is necessary 
to measure students" abilities in various 
content areas. Classification of topics 
- into these content areas cannot be 
exact, however, and inevitably involves some overlap. 
For example, some topics appearing under Data 
Analysis, Statistics, and Probability may be closely 
related to others that appear under Algebra and 
Functions Context can also determine content area: 
for example, a question asking students to compute 
the area of a geometric figure may be consideicd 
either Measurement or Geometry, depending on the 
representation oi the problem. 

The following sections of this chapter provide a 
bnel description of each eontem area with a list ol 
topics and subtopics illustrative oi those to be in- 
eluded m the assessment. Using the topics provided 
in the CCSSO report, the NAEP Item Development 
Panel generated lists of subtopics This level ol speci- 
ficity was needed to guide item writers and ensure 
.alequatc coverage ol the content areas and abilities 
to be assessed 

Numbers and Operations 

This content area Ionises on students' understanding 
ol numbers (whole numbers, tractions, decimals, 
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integers} and their applic ation to real woild situa- 
tions, as well as computational and estimation 
situations. Understanding numerical relationships as 
expressed m ratios, proportions, and percent s is 
emphasized. Students* abilities m estimation, mental 
computation, use ol calculators. generalization of 
numerical patterns, and verification ol results are 
also included. 

The grade 4 assessment should include questions 
requiting the manipulation ol whole numbers, simple 
fractions, and decimals, using the operations of 
addition, subtraction, multiplu ation. and division 
The grade 8 assessment should include questions 
using vvhole numbers, fractions, decimals, signed 
numbers, and numbers expressed in scientilic nota- 
tion. In addition to the operations included in the 
grade 4 assessment, students at grade 8 should be 
asked to demonstrate then ability to work with 
elementary powers and roots. 

Students participating in the grade 12 assessment 
should demonstrate a detailed understanding ol real 
numbers — including whole numbers, tractions, 
decimals, signed numbers, rationed and irrational 
numbers, and numbers expressed m scientific nota- 
tion — and a general understanding o! complex 
numbers. The operations assessed at this grade level 
include addition, subtraction, multiplication, divi- 
sion, powers, and roots. 

Topic: Numbers and Operations Grade 



1. iviaw (omnuiLi uioupmn <hj<1 \<ilin 

.i Whole mimhri pl»i<< \.ilu< • • • 

1) Konudmn \\liol< numbeis • • • 

( I)( ( l m. 1 1 pl.u ( v.jIik • • • 

(1 Rounding dr< mi.ils • • • 
e Onlei ol MMUiiiliidr [cslnn.ilKtii u l.iti <i 

lo pl.u < \ «ihie) • • • 

I S< lentllx Uol.Hinii • • 
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Topic: Numbers and Operations 



Grade 
4 8 12 



2. Repiesent numbers and opriaiion 4 * usnm 
models diagrams and s\ mbols 

a Set models sik h as (ounteis 
1) \ r umbei line models 

( Region models ((wo and tin ec dimensional) 
d Othei models (e g . draw diagiams to 

trpiesont a iiumbei oi an operation \\i\U a 
nuinhei scnteiu e lo lit a situation oi des( nt, • 
a situation to tit a number sentence) 

3. Road, write icname <md(omj)<ii( nunilxis 

4 Compute with numbeis 

a Basic piopcities ot operations 
b Effort ol opeiations on si/e and ordei ol 
iiumbei s 

f Foatuies of algorithms (e ^ recouping and 

partial pi odiu ts) 
d Selertion ot pio( eduie (r g pen< il and papei 

calculator ment«il ai ithnietK ) 
e Applications 

5. Make estimates appiopnatc to a gi\cn situation 

a When to estimate 
b What lonn to use 
i ()\ei estimate 

n rndeiestimate 

in Range oi estimate 
( Applications 

d Otdei ot magnitude (s( lentitK notation) 

6. Venlv solutions and deteimme the icasonable 
ness oi <i lesult 

a Abstiac t settings 

b Real woilcl sanations 



7. Apply latios p'opoi tioiis .Hid peuents m a 
\anetv ol situations 
a Rat io and ]>iopoi (ion 

i Meaning ol latio and piopoition 
n Simple latio 
in I'ropoition 
i\ Scale 
\ Rale 



ERLC 



?2 

20 



Topic: Numbers and Operations 



Grade 
4 8 12 



1). Pncnit 

i Meaning ei penvnt • 

u p"<» ol cj = i (hud one t»i\rii tin- nthn iwoj • 

in IVircni elian^e • 

\ IVl( (Mils stealer than 100 • 

V Pci< enls less than ] • 

\ i ApplK ations sue h as miriest dis< omits 

ptu t»S, |«UOS • 

8. IWc elementan numbei theon 

a Odd .Hid even • • 

b Multiples mdi'-liii" LC\1 and diwsois 

mciuclinig CCD • 

( Prime numbei s • 

d Facton/ation (iik hides |)iitiic larton/aiion) • 

e [)i\ isibiht\ • 

1 Remaindei s • 

U Number patterns • 



Measurement 

This content area focuses on students' ability to 
describe ival-world objects using numbers. Students 
should be asked to identify attributes, select appro- 
priate units, apply measurement concepts, and 
communicate measurement -related ideas to others. 
Questions should be included that require an ability 
to read instruments using metric, cu >toniary, or 
nonstandard units, with emphasis on prc( lsion <mcl 
accuracy. Questions requiring estimates, measure- 
ments, and applications ol measurements oi length, 
time, money, temperature, mass/weight, area, vol- 
ume, capacity, and angles are also included under 
this content area. 

The measurement concepts to be considered in 
the grade 4 assessment are length (perimeter), area, 
capacity, weight and mass, angle measure, tune, 
imney, and temperature. At grades 8 and 12. these 
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measurement concepts arc length (permieter and 
circumference), area and surlaee area, volume and 
capacity, weight and mass. ani>Ie measure, tune, 
money, and temperature. At all three grades, stu- 
dents are asked to work with t ustoniarw metric, and 
nonstandard units. 

Topic: Measurement Grade 

4 8 12 

1. ( ompaic ol)|c< Is Willi l espc< | to ti i>i\cn cilti ihu(< • • • 

2. Sele< 1 and use appiopnatc measineiiinil 
msti uments 

■ i Rule! . meter stu K rt< (disiaiu c) • 

1) Piotraitoi • 

( Thei inomcttT • 

(1 Scales loi \\eii>lu oi mass • 

e Gaiiijes • 

3. Sele< t and use appropii.if mills ot mc.isui ement 
a 'Ivpe • 
1) Si/c • 

4. Detei mine poninelci ana \olum< ,uk! sin t«i< < 
aiea 

«t I'd niHMei 

i Inan^les • 
]] Squaies • 
ill IWi taili>l< s • 
i\ l\nalleloi>iams • 
\ I'i ape/oids • 
\ i ( Mliei ({liadnlciK i ais • 
\ n ( onibinat ions • 
\in Oihei pnl\i>nns a 
i\ ( )K les 
I) Aiea 

i S(]nai ( s • 
n Ke< tangles • 

in Iiiaiit»les 

iv l'aiallelni»!ains 
\ 1 1 <ip< /oids 

\\ Othci (jUfidnlaleials 

\ n ( n f 1("S 

mi ( oinbmations 
i\ Othri pol\t»ons 
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Topic: Measurement 



Grade 
4 8 12 



< Volume 

1 Ret tdiu*ul ( i; solids 

n C vlllldel s 

mi Cones 

i\ I wamids 

\ I'riMiiv 

\ i ( ombmaiioiis 

(I Sill f.K e ,11 (M 

i Ret uiiimil.ii solids 
n (Mnideis 

111 ( (II ICs 

i\ Puamids 

\ I'llshls 

\ i C'onibm.UKjns 

5. Ksunicdc the si/e ol an ol)|(d <>i <i m< tixiut meiit 

6. AppK eonunon me.isuiement lonnulas 

7. Cornell liom one iik asm cinciil In aimthn 
within the same s\ sh in 

8. DiMcinime pm isinn a<< units andriioi 
a Sijjmh< ant diuiis 

b Si/e ol unit ol iikmmii enicnt 
( A( tuiat \ r)l nit .isnnMin lit 
(1 Absolute and it latiu ei ioi 

9. Mala 1 and lead s< ,ile di , i\\ lu^s 

«i t onxeii honi s< ( \U u> at tn.il iik asuit mt i it 
b C (*n\ t 1 1 Imm <k tiial iiiimmii ( men! to st ,il< 



Geometry 

This content aica lot uses on students knowledge ol 
^eonuMiu h^uios and relationships and on their 
skills in working with this knowledge These skills are 
important at all lr\ els ol s( hoolmq as well as in prac 
tual applications. Students need to he ahle to model 
and visualize ^eometru lii>ures in one, two. and three 
dimensions and to lommunKatc i>eometnc ideas in 
addition, students should he ahle to use inlormal 
reasoning toestahhsh urometrie relationships. 



ERLC 



23 

or 
<0 



Topic: Geometry 



Grade 
4 8 12 



I. Describe <onipaie .uid ( lassitx ueoinctiu lii>uics 
a Points hues segments and ia\ s in a plain 1 
and in spate 



111 


Skew lines 


1\ 


Diagonals 


\ 


Blsi <.'{()! s 


\ 1 


Radius 


VI) 


Diametei 


\ 111 


Altitudes 


l\ 


Medians 



h Angles in a piaiH' 

i In mangles t iii(i othri pol\i>ons • • 

n Supplemental- • 

in ( ompleineiilan • 

i\ In circles • 

\ Kiglu .ingles • 
\ l An^le bisccloi 

\*i l Alternate intenoi and ( oi !espondmi> 
vin VertK al 
( I nancies 

l (icneial piopn tics n| u tangles • • 

ii Acute in»lit oi obtuse • 

in K(|inlateial o 

i\ Isosceles • 

\ Scalene • 
d Quadnlateials 

i. S<juaie « • 

ii Rectangle • • 

in Paialleu>i>iain • 

i\ 'I i ape/oid • 

\ Rhombus • 
e Othei poht^ons 

i Ke^ulai not iei>ulai * 
ii Convex, eonia\ e 

in Intel ioi andeMeiioi ant»le nieasuies 
1 Hnee -dimensional sohrls 

i Kectaiu»ulai solid o • 

n Pi ism o • 

in Pviaimd • • 

i\ ( vhnder • • 

\ Cone • 

\'i Spliei e * 



Parallel lines 
Pei penoK ulai 
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Topic: Geometry 



Grade 
4 8 12 



i> ( II ( It's 

i Cifiicidl piopcitics o| ( iiclcs 
li Sec .nils tantjciits ( l».«wls aus iimim 
s( nbed and ms( nbed ( in les 

2. Given drsrnptiw information usuali/o (haw 
and < oiistiuct m'omcliic hi>uies 

,i I)i aw oi skcl( h a fii»u"t' i>i\t*ii a wibal 
desci lption 

b Stiaii*htedi>e and ( otnpass < onsti ik lions 
i Annie bisc( (oi 

n A line peipendit nlai to a i»i\cn Imc dial 

passes I In oiii^l i a Lii\cn point 
m A lin paiallel to a i*i\eti line that passes 
thioui;h ,i i»ivcn point 
( dncii .1 Imnie w iitc a \ ci bal (U s< i lption o| 

Its LMMUlK'tllt (Jll.llltlC*» 

3. Inw stii>uir and pit die t it suits oi ( ombinniLi sub 
dnidiiiii .md ( haniiiiiLi shapes {( ^ papci loldmii 
dissct uny t ilum tind k ai i iii mn iu pic( < ^ i >l sohdsi 

4. Identih tlu icl.itionslnp bctwicn a liLiun .md 
its linage uud< i ,i tianstoimation 

a Motion monicti\ (mtoim.il Inns ol s\Miim li\ 

Hips tin ns and sh<lrs) 
I) 1 1 ausloi matious Itianslat ions lotaMons 

itfltttions dilations s\niin<Mr\) 

5. I )t sc ; ibr tin mtoist ( tiou oi Suo oi mon m*« >iin 1 1 1« 

lllilltt's 

a I u o dnnei isk >nal 
b I hit t dmn nsioii ii 

C. t KissiK limms in im iijn o| t on hi u i ik t a- id sum 
I. ii it \ and intomialh ippl\ ili's< i » latmi islnps 

7 AppK m omen i< pi opt nn s and i< la I ion ^Inps in 

S( t|\ my p| o| >|( Mis 

a lit tut t n insult on and oiitMilt 
!) P\ tli.iLioK an n 1 uioiislup 

) Sp: < ial i lejll 1 1 lanijs s ii - it) 
in M) ( M t r > |> Mil | 
t rii)|»( lUi o| sinu'. ii ii \ 

i iv.it io and ptopoMion 



• • • 



• • • 
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Topic: Geometry 



Grade 
•1 8 12 



(I Pli>\ I ( i»l Itil lit III c <>j ! i unjj< 

l Ollll'lN 



L>coni( (lie ( n|U < p| v 
,1 I c >til< 

1) lntoiui.il hkIik (km; .m«l d< <Iik Hon 
9. Krpn s< n; pi nh|< m mi i l.it ions v n h «;< nun i , k 

llU'lli N .111(1 <1|)}>I\ pIOpi Hit's o} Ii^un s 

10. Ki pi I'M ni m mm 1 IK Iilm i ; i s uir I p] i ipt i in > 

. 1 1 )l . I K I iNlIli, ( i tr til lin. Ill s \ Mli)h 

.1 I )|M.tlll ( I'M II 11 1 1. 1 
Slopi 

I \ 1 1 tilt I p< i pt iu!k ul ii ! 1 1 u ^ 

\1 .<■})< ill i! UH |] i 
1 nun v ( < hulls 

\ll |.»|N 

1 Vlllltlnll Mlitl t ,H I Ii »1 1 
n s ( il.K '; i ilf i| i! mn 1 1. it ;>*,>. In, i 



Data Analysis, Statistics, and Probability 

Has t nntcnl area lo( uses on data u piesemahon and 
iinah sis 4 u ross all dis( lplincs and relict Is the impur 
lain e and pi e\ nleiu e ol these ,i< 1 1\ ilies in our sot iel\ 
Stat ist u al knowledge and "he al)ilit\ to interpret data 
an* net cssan skills m the ( oiil einpoi ar\ world. Hues 
tions should ( mphasi/r appiopiiate methods lo, 
i^atlienn^ (kit.t the \isnal exploiution ol dahi. and the 
development and evaluation < ' nminienis based on 
data anah sis Koi i^i.tde 1 students < an Ik asked to 
in, ike pi edn t ions h oni m\ i 1 1 u suit - and explain I hen 
leasomnu 
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Topic: Data Analysis. Statistics, and Probability 



Grade 
4 8 12 



1. Read mteipiei and makt pit <h< i n>n^ u» mi, 
i.iblcs and uiaphs 

a Kt ad dan 

1) Inteipiel daia , , , 

( So|\e pinhleins .nid ( oinpuit with d.u.i 

d CMmiale n^in^ data 

v Inici polaie <>i « \iiap >l,m 

2. OiL»ani/e and i!ispU\ da! i and in ike ml' n n< - 
a lables . , , 

I) l>ai staphs 

( I'll lni>I Jills , 

d 1 me i»iaphs , , , 

e ( in h m.iplis 
1 Siatlri^ianis . , 
n f)ih.'i 

i iu mil It a! plutx 

ii Hu\ ,md u hiskt i pi, it s 

111 Oullieis 

3. .)( tenuim (lit ptoh.il)ilit\ ui j ^mipli t \<Mi 
.i Samph span 

n i )eliiiinnn i>| pi ( ib.ibilih 

< Odtis 

d I \p< ('id \ tint 

< f onntini: pi uu iph ipt iiiiiii.im, ms n ». i 
( ninhm iimnsi 

I indt p< ndt nt , d< pt ndi m i w in > 

4. ( mnpnit n>< ,nhis ( ,| mil! il iMnlum .aid 
disp< i sioi i 

a V< .in 
1> K mt'i 
( \1 * ill m 
d Mud. 

5 k<in^ni/t sjiil|>ill iu, l.iiu^iiiiin s. uid hit III 
(1)1,1 ( ( >1 1 1 i 1 1 1 ill 

.i < a\ * n .i sM naiiixi id< nn' , sum «m ( .i ^ nnpi 
uu; i in n 

1) I )« st iih< \ pun t dun |. •] .i i ( ( nn ., n i i ml ii i 

Mlllpll 
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Topic: Data Analysis, Statistics, and Probability 



Grade 
4 8 12 



6. Reto^ni/e Hit' use and misuse o! statistics m 
our sochmv 

a Given certain situations and leported Jesuits, 
identity laultv arguments oi misleading 
piesentations o| the data 

I> Ke< ot>m/e appropi late uses o| statistics . , . 



7. Kslmiate piobabihties l>\ use of simulations . , 

8. Design a statMica 1 experiment to smd\ <i 
problem and c omnumi< ate the outcome*. . . 

9. I'se lormula^ tot combinations permutations 
and othei counting te<hni<;ues to deteinune tin 
number o| wa\s an e\ent can occui 

10. Fit a line oi ( ur\< to a sei oi c 1 ua and use this ln« t 
oi ( one to make j iodic turns about 1 1 it" data 

a ( ur\< lilting 

b \oi m.d distnbulion . . , . 

c Fit <{U'-n< \ clistMl)iition .... 

(1 hinonii »t distnbulion 

11. Apph the basi( ( one t pt ot pn>»\ibilit\ im ludn< 
indent ndent/depc intent e\enls, simple /( diii 
pound e\( nis and ( onditional pi c»1 >.i!>i!it\ 

12. I s( measun s oi t ninal n nd< n< \ < onel.it n 
dispeision and shape s nl disti lbuuons to dt s 
cube statisti(«il u latiouships 

a Staiidatd dt \ lation . . . 

I) V.uiaiHo . ... 

c Stand, ii d ne» nal i Iisi i ibt tt ion 

d ( oi It ! , ion < oethc K ul ... 

t ( ootid* IU t le\i i , 

! f)( mu s n| heed, mi , , 



Algebra nnd Functions 

This c ont cm it an\i is broad m scope, co\tTmi> a s^ 
mlic.int portion ol the uncle [) 12 ( mru uhim. it k hid 
ini> ali>ci)i<i. dement. m* 1 unci tons (pre ( ale ulus). 
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trigonometry, and some topic s lrom discrete mathe- 
matics. At the K-4 and 5-8 grade levels, algebraic and 
lunetional concepts are treated in more informal, 
exploratoiy ways Proficiency in this content area 
requires both manipulative lacility ad conceptual 
understanding, it involves the ability to use algebra 
as a means of representation and algebraic proc ess- 
ing as a problem-solving tool. Functions are viewed 
not only in terms ol algebraic formulas, but also in 
terms of verbal dc scnptions. tables of values, and 
gi obs. 

Algebraic expressions included in the grade 8 
assessment mav be monomial, polynomial, or ra- 
tional, and may involve one or more variables. They 
may include symbols (or exponents, radicals, and 
absolute value. In the grade 12 assessment, algebraic 
expressions mav also be nioiDmial. polvnomial. or 
rational The eoellicients ol the algebraic expressions 
may be rational, n rational, or < omplex. Ihev mav 
involve^ one or more variables and m< hide svmbols loi 
exponents, radicals, logarithms, and absolute value. 
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Topic* Algebra and Functions 



Grade 
4 8 12 



DimmI)" t \tt ml ,unl<i(,ilt t \ \\u\» \,iini\ 
t>t \h\\\* ins ,m<l turn hoi ul n 1 n lonsjnps 

,1 l\( ( O^DI/t p ]||s ,![)( j si (jl If 11(1 -> 

t> I lid .i p.iituti (n hm< I mui.iI i < Kit urn ship 
( < km!< .in < s.mipN ol .i p.itn in (ii 1 1 1 1 ii imii.tl 
it i it t< mslnp 

(I i ll'lt I s| 111(1 ( uj|< t p! ol \ .III (1 >K 

Inhinl.lti s\ni!)oln i \pir NNtiiiiN .uid \< ih.il si.itc 
nit nis })( iv < < n di iL'unis ,hh! iikkIi K -nxl m i h il 
si.it en h di l)t i\\( i ii di.iL'i mis .mi] imikIi h iik I 
s\ ml h »ln 1 1 1 ih< ii iships 
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Topic: Algebra and Functions 



Grade 
4 8 12 



3. I'm* numhri tun s md i<< t.mmil.u « imkImi.iIi 
s\ stems 

<i Hut oi ulentib points on <i iniinlx i tint m 

in .i !<•< tari*nl,u ( nnwhnan s\ stem 
b (ii.iph solution scjs on the iiiiiu])(! hn< 
( Wni K w nil elemental \ . ipplu .iimiw u^iml; 

i ooi dinah s 

4. Solve line ai t filiations mid in< < pialu u s 

(\oh ( <>tU|)l('\ll\ oj equations ,iii(| Ml' <|Uall 

ties \\ )]] \ a.\ (K |>< ikIiiil; <>n tin i • x I In n nts mini 
bei n| leiins op< latmns mid solution s. t I 
a Solution seis oi ulioh unmix 
l> Solution -t is oi l <Uhih.il nn mix h 
( Solution s< s ul ckIuoI <niis 
d Si ilntioii m n (it n al .tin 1 mi.iL'in.ii \ 

I s 

5. I't i lm m .i!l< 1>i iii i i , it iMs v it h i • ii 1 nml »' i s 

.H id elk'* 1 )t .111 i \pl ( sniiiii -> 

.i VldiMmi miIjii h ii'in iimiiiplu iimn dp :-h>u • 
b I 'out i s ,ii id loots • 

I Ml ill I|>1* Op' I it !< 'I I ■» i <\ ]}))} 1 I, |( ! 1 1 1 ' i < I Ml 

«»p< r .it n >ns| • 

d Sllb^hl Mi Ml l Ml i \ j i - -^n ! i mil I i| m< l! 1' • 
I ijui\ .il' n! !* it nis i mnplik i 1 1 1 1 1 1 1 1 1 m ( v p ii i I 
and la< I mi | • 

I SoK || |L .Mi il MIUl i !"! "IK * .(! I.tbl' • 

6. 1st pit si Ul Mil.! 'loUs Hid 'i 1,iU"II - b\ I I * M t . * ■< T 
s» I III lit i s t lb 1 1 s I ) ! < j t ] i 111 - M l"di N ! I ' i c 

ij iphs \ ,n i il>j< ^ il k k I u in . \j H i s-ion , ,1 ! 
( <{u.iin uis md ti ins] i(. imon< mm |. s i\, 
M t In ui ad» I i 1 1 ■ m I >! ui mi i Ii mi 1 1< >n 
M'lidiiis .in in at d ii i in- -I i ml"! m t! > pi--i 



• • • 



7. SoKl s\ -|i im ' .I i i Jl I 1 1 I"! I hi I MM • f 1 " 

ilu'< bi m ill\ an ! i ipim lib 



8. I ^ in ab< in (in ii mm ib.nj > 
i |n L n 

b ii it"! ma 1 md t m i n mi i iii I . i< din 1 1' 
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Topic: Alget-a and Functions Grade 

4 8 12 



9. Rrpicsfiu pmhlcni siui.umns with Him n i< 

xUtH I UK's 

«i I null iii.iphs 
1) MatiK cs 

(. S('(|t I ( J)< (S 

ei Sri it's 

0 Rr< m si\( j( taiwnis 

10. Snlw pnlwinmial fqiMluuis \wlli ltd! and 
(n:nplc\ innis ,ili>( I »i ai( all\ .iik! i^Mphw aP» 

<i f at tnniiii • 

M (il.ipliilli* • 

< l'«n tf>i I licojcni « 
<! S\ nihr In .ui'l N niLi imihi • 
« LMimaMon i>l innis • 

1 sp<>( i.il t( < hmqus's !<»• quadiaMt c<ju n-'tis 

lqua<liau< Innmsla ( <miplt fm- mjimk m • 

11. \ppl\ tlllli Mull lint 1 1 MI! .mi| tt I MllM'ii. >l ' 

I I )i>Pl,Uil l.tll^t • 

f) ( nnipusih hint Mi tip. e 

I lll\(|S( 9 

12. ( nmp.iii app!\ tlx mini' I h tl tin u \ >\- 
.»!)(] m.lplill ,ll plopt 1 Mi i i i.iIK ! |. .i 

.i Ah-oeiiih \ iltn • 

I) i im .ii • 

i 1 '< »i\ IHMPi il • 

'1 I \pi >})< 'lM.li • 

< 1 ntMi i r h n 1 1< • 

t ! . iLMHHUUi iik • 

13 >l\ ti i^i "n mn Iik i (Mil i pi » 

I ( IM lll.il tlltli Mull ' llnl | } it U !t, i t i . • 
I) f\.lll«,t' I P»« ►Mil I 4 

! : ii^>i x mn ti ii if It nii> -t * 

il \pplli ,lMl»MS 

) < K >MII< IIH p!w}"|i Ml » • 

»i I i N' »hi : t .il \ u !■! ph »i< nm n i • 
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Development of 
Cognitive Questions 

Question Format 



n addition to multiple-choice questions, 
the 1990 mathematics assessment will 
include open-response questions de- 
signed to provide an extended view of 
students' mathematical abilities. 
Building on the recommendations from the CCSSO 
report, the NAKP Item Development Panel will create 
some open-response items to assess abilities that 
cannot be measured usmi> multiple choice que stions. 
Those may include the ability to articulate 1 mathe- 
matical ideas, estimate, generate informal proofs, 
draw* figures, or generalize relationships. 

Some open-response questions will be designed to 
provide insight into the ways in which students think 
about mathematu s, lor example, students may be 
asked to write m their booklets (he procedures they 
used to arrive at answers to selected problems. 
Although lime-c onsuming to analyze, these des( rip- 
lionscan pi ovule a better understanding of the ways 
m which students reach eon eel and incorrect an 
swers 

At jll tin ce grades, questions allowing ( alculatoi s 
will attempt to assess not only the correct use of a 
calculator but also the ability to choose the appropn 
ate computational method; that is, to decide winch is 
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the most appropriate method for solving a given 
problem — calculator, paper and pencil, or mental 
arithmetic and estimation. 



Use of Calculators 

L3ccause the calculator is a tool often used for numer- 
ical computations, mathematics assessments should 
reflect the use of calculators in the classroom and in 
society at large. Calculators have been included in 
the NAEP mathematics assessments since 1977-78. 
Items included in the 1990 assessment will be classi- 
fied in three ways: calculator-inactive items, calcula- 
tor-neutral items, and calculator-active items. Calcu- 
lator-inactive items are those whose solution neither 
requires nor suggests the use of a calculator, in fact, 
a calculator would be virtually useless as an aid to 
solving the problem. Calculator-neutral items are 
those in which the solution to the question docs not 
require the use of a calculator. Given the option, 
however, sonic students might choose to use a calcu- 
lator to perform numerical operations. In contrast, 
items classified as "calculator-active" require calcula- 
tor use: a student would likely lind it almost impos- 
sible to solve the question without the aid of a calcu- 
lator. Sample items representing these three catego- 
ries of items arc provided m the Appendix. 

As currently planned, some fourth-grade students 
participating m the 1990 assessment will have the 
use of a lour-function calculator and some eighth 
and twelfth-grade students will ha\e the use ol a 
scientific- calculator NAEP wiJ ensure that the calcu- 
lators used by these students are comparable in 
design and function. In addition, because* students 
may be n< customed to using calculators different 
from those used in the assessment, students as- 
sessed using calculators will be piovidcd an orient a 
turn to calculator use. 
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Chapter 
six 

Development of 
Background Questions 



J n addition to the cognitive questions, 
j the 1990 mathematics assessment will 
! include a set of general background 
questions and a series ol subject speci- 
fic background questions designed to 
gather contextual information on students' experi- 
ences in mathematics and their feelings toward the 
subject. Three categories of information will be repre- 
sented m the five-minute section of mathematics 
background questions* 

★ time spent studving mathematics, 

★ instructional e\penen< es m mathematics, and 

★ attitudes toward mathematics 

The number, content, and format of baekgiouud 
questions in each of these < ategones varies ,u ( ording 
to grade level A set ol ha< kgiound questions will be 
repeated from previous assessments to permit an 
analysis of tiends a< ross tene in students cxposmc 
to mathematics, lnstruc t ir>n<tl expenenccs and 
attitudes toward th( subject 
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Time Spent Studying Mathematics, Time spent on 
task and mathematics coursework have been shown 
to be strongly related to mathematics achievement. 
Students participating in the 1990 assessment aie 
asked to describe both the amount of instruction they 
receive in mathematics and the time spent on home- 
work in Hie subject. 

Instructional Practices, The nature of students' 
mathematics instruction is also thought to be related 
to achievement/ 4 Students are asked to report their 
experience using various instructional materials in 
the mathematics classroom, including calculators, 
models, and manipulative^: in addition, they are 
requested to cL'&eribe the instructional practices ol 
their mathematics teachers For example, students 
are asked how much tunc they spend in a typical 
mathematics class reading a textbook 01 listening to 
teacners* lectures compared with the amount ol tunc 
the\ spend working on projee ts or engaging in othci 
small group activities. Other questions ask students 
to describe to vvh.it extent l hey practice (ommunuat 
mg mathematical ideas - siu h as wntnm out expla 
nations, justilu ations, or prools — in their mathe 
mat ics classes 



Se m.i K.n/r n itidl\l< Jon''- Ms In I'< >thn s i W /'r- < ,IU t\» f <l, lt u f i.>" >n 
s<i< n<f and MttOu nuilvs \ /V. 'tmumt] t ■ t , i, \\ ,s|nnt i< >n in \ hi. 
At ,uU in\ V\( } < ix t ) 

Vj1kui.iI A-.s< ssini nl ol I (iu< .ni'ni.i' I'miiit ^ //« \hul<i nuilu s Kr p>>t / 
Cut <l Ait \\>' Mttr.wuu] f }> M'niiM t< >i \J \ tinm il \ omiu nl nl 
L(lu< .Uioii.il Vx>£H ss } i]u< atmn.il lisiim; s< nm l'*^s 
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Attitudes Toward Mathematics. Students' enjoy- 
ment of and confidence in mathematics and their 
perceptions of the usefulness of the discipline to their 
present and future lives appear to be related to 
mathematics achievement. 7 Students are therefore 
asked to report their involvement in mathematics- 
related activities outside of school — for example, 
their participation in mathematics clubs, fairs, and 
competitions. The assessment also includes back- 
ground questions designed to highlight gender stere- 
otypes in relation to mathematics achievement. 
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jf^ppendix 

Sample Questions 




1 The first pari of this Appendix contains 
sample questions classified by content 
area, mathematical ability, and grade 
level. These questions are in no way 
intended to represent the lull range of 
content areas and mathematical abilities included in 
the assessment or to reflect the distribution of as- 
sessment items. The classifications ol questions into 
the ability categories are a matter of the professional 
judgment of the CCSSO Mathematics Objectives 
Committee and the NAEP Item Development Panel: 
howevei. there may be differences of opinion as to 
how particular questions should be classified. It 
should also he noted that although a question may be 
appropriate lor use at more than one grade ie\el, its 
classification in terms of the abilities it requires may 
differ at each grade level. 

The latter part of the Appendix contains a second 
set of sample questions, representing the three 
classifications for calculator usage described in 
Chapter 5. 
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Mathematical Ability: 

Procedural Knowledge * 



Grade Level: 4 

88 + 1 12 + 6 = 

(A) 196 

*(H) 206 

(C) 260 

ID) 1,592 



Grade Le\el. 8 

Which is i he closest to 7 82 \ 5 09° 

(A) 0 4 

(B) 4 
*(C) 10 

ID) 400 



G~ade Level. 12 

4 * 10* 
FT 

2 - 10 

*(A) 2 - 10 M 
(I*) 2 . 10 1 
(C ) 2 • |() ' 
([)) 2 . !()'' 



*( on ci I .nisvvci s foi mull ipl< ( hou v items air m<h< ah d In r m 
( isteiisk (*) 
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Mathematical Ability: 

Problem Solving * 



Grade Level. 4 



-,4k- 



The pru es for cravons and jjuc aic shown above Katie has S2 50 
If Katie bins 3 boxes of 1 1 a\ ons, what is the uicatest minibei ol 
jars of i£luc she c an buv with the test ol hei nioncv ,J 

Answer: Two 

Grade Level. 8 

A schedule ol class periods is to bi piepaied loi Pinrciest Iht»h 
School The school day will begin at 8 30 a m and end at 2 30 
p in There will be 6 class periods all ol the same length, and a 
lunch period th.it is 30 to 00 minutes long Ten minutes will he 
allowed for students to mo\e from one class to the next oi to move 
to or from lunch Prepare in the space below a schedule ol times 
for the school da\ tli.it meets all rccjuiiemcnts given abo\c. 

Answer: The schedule shown below is one possible solution. 

Schwl Dai) Sc hcdulc 



Pctxod 






Time 




First 


8 30 


a m 


- 9 15 


a m 


Sec oncl 


9 25 


a m 


- 10 10 


a in 


Hind 


10 20 


a m 


1 1 05 


a in 


UJM II 


11.15 


a m 


- 1 1 15 


a in 


Finn th 


1 1 55 


.1 in 


12 AO 


p in 


Tilth 


1 2 50 


p m 


- 1 35 


p in 


Sixth 


1 45 


p in 


2 30 


p in 



Grade Level. 12 

When a certain nuinbei is divided In 7 the reinaindei is -J Wh.it 
is the remainder when b times that nuinbei is divided bv 7° 

(A) 2 *(B) 3 (C) \ (I)) 5 



*Conec t answers tot multiple c hoic c items aic indu ated b\ an 
asterisk (*) 

O 44 
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Measurement 



Mathematical Ability: 

Conceptual Understanding * 

Grade Level: 4 

Which of the following i aits would be Inst tui mtasunng the 
length of a pencil 9 

*(A) Inches 

(B) Feet 

(C) Yards 

(D) Miles 



Grade Level 8 

The average height of the giris in a <ertam eighth made (lass 
could be 

(A) 60 ecntimeteis 
*{B) 160 centimeters 

(C) 300 centimeters 

(D) 500 centimeters 



Grade Ixvel. 12 

A floor plan ol a house that has maximum length of b \ feet and 
width of 44 feet is to be diawn to scale on an H indi b> 1 1 tin li 
grid Which of the following stales will gi\e the laigest possible 
scale di awing of the house on the giid'* 

( A) — inch - 1 foot 
16 

(B) — mch - 1 f<X)t 

S 

*(C) — inch - 1 l(K>l 
(> 

([)) _L mch , i f (X )t 



•Correct answeis {oi multiple dioue items aie mduated hv an 
asterisk (♦) 
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Mathematical Ability: 

Procedural Knowledge * 



Grade Level: 4 




/ 



\'oW Ruler will be- provided 

I'sinii the rulrr \nu ha\ e b( en yi\ < n, Imd the distant e. m t entinu 
teis. around the figure shown above 

Answer: 20 centimeters 



H ea< h edu< ol a < uU ha 4 - length 5 t t ntmietc is uhat is Ks \ olurne 
in (. ubi< ( eninnetei s'' 

(A) I 5 

(H) 25 

*(( ) 125 

ID) 150 



*( or re( t ansu( is |<>i inultipU < hou < items art indu at< d 1>\ ,in 
asterisk (*) 



Grade Level. 8 



46 
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Grade Level. 12 




i! the width and k'lujtli of the rei tannic shown above ,uc 0 and 10. 
\\hi( h of the following is c loses! to the < ir< mnlciciK c <ii the c ink 1 '' 

*(A) IK 
(») 27 

(C) 36 

(D) 60 



*< oi tn t answri s loi miilli|>l< ilmio it< ins an nulu al< d 1>\ an 
astc risk (*) 
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Mathematical Ability: 

Problem Solving * 



Grade Level: 4 



What is the aiea of the shaded fii*uie shown dhow*'' 

(A) 8 square vent miners 
*(B) 10 square centimeters 
(C) 12 square eentimeters 
{{)) 24 square centimeters 



Grade Level. 8 



The ii^ure abovt « hows «i piece oi c onstmetioti papei H the 
unshaded portion of the paper is it mow d tin aiea of the it mam 
in^ shaded poition will he how man\ times <is lari»e as tlu aiea ol 
the portion ri'iiiovrtT' 

(A) 2 3 K ) 4 (I)) b 



*( om < t answeis loi tut lit lplc ( hou e items t ,ie mdi< Mi d hv an 
asterisk (*) 
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Grade Le\el. 12 



Note Rulrt will hv pnmdrd 

Use the mlrr pm\ uku! to find tlx <ii< <i. in mjimm untmitteis <>l 
triangle AfiC shown dlxne 

Answer: 17.3 (rounded to the nearest tenth) square centi- 
meters 
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Geometry 



Mathematical Ability: 

Conceptual Understanding 5 

Grade bevel: 4 



In the space below draw a circle inside a triangle 



Answer: The figure shown below is one possible solution. 



Grade Level. 8 




If tin tnanglt abn\< n Mm i< '] 'hnuijji tin rlnti'd lm< ulntlioi 
the following shows th* i< lit t Hon <a mangl'*'' 




Grade Lewi 12 

VVIik h fignn tonidlx list (1 tu pnuf th.it Mm MIoAmg <«iat< iru til 
is \OI lni»"' 

'II dli Hit sk'ks (,i ,i imud | M w ffjii.il 1< ngths Hit ii allot the 
"ileum angles ha\< t rpial nu asm* s 




*C ot!c< t an-*ucis Uh nmltiph (h<n<< Huns an m<lu al< <1 hi «m 
asterisk (*) 
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Mathematical Ability: 

Procedural Knowledge * 



Grade Level: 8 




A 



B 



In tin 1 Injure shown above, AH is a line sequent What is the value 
of a* '> 



In ti i«uii*I< MH slumn ahu\i uli.ni 1 > (Ik c h < < m< .•suie o( « A' 

(A) 20 

* (H) JO 

K ) f>o 

(D) so 



*(om ft ansAcis |r ii mt ill i|>l« ihoici <u< hkIk at( (I In tin 

ash'tisK (*) 



*(A) 125 
IB) 1 15 
(C) 45 
(I» 35 



Grade Level. 12 




B 
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Mathematical Ability: 

Problem Solving * 



Grade Level: 4 

A dog walks on a path that is alw.ns 20 iect Iroin a pole 1 Which of 
the following could be a drawing ol the path"' 




(C) 





ERJC 



*( nne< I ansuci |<u mulliph c hnic e ileins ,ue mdi< ated I)\ <m 
as'ciisk (*} 



52 54 



Grade Level. 8 

The sum oi the degiee measure-* ul the ntteiioi an^Us ol a I rumble 
is 180 Use this fad to fit id the sum ol the deuree measures ot 
(he interior angles 1.1 the future shown below 




Answer: 540 . since the figure can be sub-divided into three 
triangles as illustrated below. 




Grade Level: 12 

What is thi maximum ai*\i of a m lain:!- with ;uiinietei ,'U> J 

(A) ;u> 

SI 

(() 324 
[{)) 1 2\)h 



*Con< < t answt is lot i tn 1 1 1 1 1 >U (hou< Huns an mdu aW d h\ an 
ast( tisk (*) 
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Data Analysis, Statistics, 
and Probability 



Mathematical Ability: 

Conceptual Understanding ' 



Grade Level. 8 



Thiee fan lomsaic tossed at tin- sanu lime Wh.it is th< piobabil 
ltv that one ol the ( dins is a h< ad and the othei tuo ( oms aie 
tails'* 

*u ) 4 

8 

(nil 



Grade Le\el, 12 



'I here aie 5 I >emoi tats ,n id J Kepi ihlu ai on a Senate ( omiiiilh < 
What is tlit tii t at t si unmix i ol vva\ s thai a snb( onuiiitlt t t an hi 
touiied that ( (insists ol 2 I)t mo< iats and 2 Kepnhlit <uis » 

(M 2 
IB) 20 
*(( ) <>() 
([)) <so 



*< out i t answus lui innltipU <ln>i(t items an :im Ik ah d nv an 
astensK (*} 
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Mathematical Ability: 

Procedural Knowledge * 



Grade Level 4 



Club 1 has 250 nu'inbi'is Club 2 has 173 membois, ( | u l> A has 
100 mrmbris, .liul Club -1 has 275 inrmbi'is On (lie i»nd bd<m. 
fill ih a bai i>iuph that slums the nu inhnslup oi tin- ( lubs 

Ml MM RSHII* l\ loi kill lis 

vm r -r 1 r n 

1 2s,, h— i — r 1 

I :„| u f- ; -j 

: ] j" - — ; 

| l<m i -4- ^ 

7 



so i— 



< i ( iui> ; 



Answer: 

Ml MB! KSini- |\ lulK ( I ( \\s 





■si H | 












?0<> 








ISO 


2 






1(H) 


? 






S(t 



(hi!>l (luh; dub" t l«M 
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IKM Rl <i 11 MPi R\H Rf S 




S(H) 10(H) |;0M :iH> 4 00 



Audi dun 1 to i he gidph shown abo*e at what time w.is the 
tciiipri.it i re the hu>hesr j 

(A) 8 00 (B) 12 00 *((') 2 00 (I)) >1 00 

— Grade Le\el: 8 

Wh.it is the .ueraue (ai lthmetu me. mi of 4.8 12. «mcl 20 * 
Answer: 1 1 

Oracle Level. 12 

A local nruspapci publishes a uaekh lompaiison ol the iut.d c osi 
loi 20 uio( ( n items .a 7 supeimaikets 1 ollo\uni» air the - osts at 
the 7 supennaikets toi one week S18 18 M703 S20 1 7, $ hi 7 1, 
$19 II. S17 0.1 and £20^2 Whuhotthe lollowiiii* is NOl true 
loi these data'* 

(A) Ihc rani»e is £4 18 

(B) I he mode is $17 

(( ) Tin median is S 1 8 18 

lhe .ii Mhmetu mean S! 7 f> 1 



*( oneet ,uis\u is toi multijjlt < hou e it mi is ,ii t mdu at* *1 I >s ,m 
astei isk (*) 
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Mathematical Ability: 

Problem Solving * 



Grade Level: 4 



/Co 

[ D \ 




I \ / 


1 y 



When the arrow shown alxno is spun, what air t iu 1 ihaiues thai 
I Ik 1 aiiow will stop on a ioi>iou labekd with thr letter 1) m 

Answer: 3 out of 8 



Grade Lm'l 8 



Kates loi ( ount i \ \ 
It voui taxable uunnie is 

<>Y_ei b ut ii( i o\ei the tax is 



0 S2 000 

; S2.000 $4 000 

j $4,000 SGOOO 

ftG 000 S 10 000 
! ft 10 000 



d ' i ot not taxabk nu rune 
S(>0 +1 . ol amount n\ei S2 000 
S]4() + :V . ot amount o\er$4 000 
S2 10 ► fy . ol amount o\er SO 000 
S-1H0 + ?'.■ ol amount o\ei S10 000 



How iiiik h should U p.ud in ta\t s m C unnU\ A Ini i taxahlt 
income ot S3 000' 

Answer: $100 



Grade Level 12 



Loi /'be tin \ette\ r)t a le^ulai 7 sided pohuou What is the 
piobat»lit\ thai a diagonal diawu <it laudoiu liotn i'uiM lot in i 
inanjje with two sides ot the pohj^on ' 

,A, t 

( 

ml 



*('<>mi I answi is tin iiuiliipli ilium- m-ius an 1 1 1« lit . tl <-< I In an 
.istensk (*) 
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Algebra & Functions 



Mathematical Ability: 

Conceptual Understanding : 



Grade Level: 4 



4+7+2=2+ | | 

Which number when plated in the box shown above, will make 
(he numbei sentence hue'* 

(A) 9 
•(B) 1 1 

n 13 



Grade Level 8 



It (Vori>e has \ ten floJhu hills (l nd ly inr dollai bills which m the 
follow mu Ui^ s I Ik lofal auioiml ol mnne\ in dollars that deoti>e 
has" 

(A) 50 uy 
'b) 1 5\i/ 
K ) 15(v + ry) 
*»)) 10\ + 5u 



Grade Le\el 12 



On Hie s |)io\ ult (1 h ( | m \ slu t( !i tin nKt|»h (•! i/ - ( (»s|2\) 
liom \ - 0 to \ - j~ 



It 



^71 



H > \ 



'( Dim! .iiisuns mulliph (lion. M( in* .ii< huIk alt d h\ .in 

«ist( ; isk ri 
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Answer: 



\ 

1 



t) 



Hit f(>l!oUlIIL> <|U' Mlull is to In Mi|\< <1 Willi ll)< o! .1 IKHlplo 

Ul .unilial >]c s( \k until < d!i ui.iirw 




In 1 1 1 1 liL-nn ,il mi ( it |m>ii it / ' is |< > >) In ii I " u i i uh." i !ii< .isi it i 
Answer. 0 695 radians (rounded to 3 decimal places) 
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Mathematical Ability: 

Procedural Knowledge * 



Grade Level: 4 



o 



4 



On the number line shown above point Pis located at what 
number^ 



If /(\) = 2a ' - 1 then M.v+ :\) = 

(A) 2a + 2 
(Bj 2a' + HS 
K ) 2 \ ' t- 6a + H 
2a-' + 12 \ 4 17 



The following question is to be sohed with the aid ot a 
Oammable seientilii caleubtoi 

11 a 20 find a' Founded to ih' 1 nearest thousandth 
Answer: 1.946 



*(A)I- (B)2l (C)3± U))aL 
^-^22 



Grade IjcvoI 8 



II 7 -f 5a = 20 then v = 



Answer: or 2.6 



Grade Level' 12 
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*Cone< t answeis lot multiple ( hoic e items aie indicated hv , 
asterisk (*) 



R2 

60 



Mathematical Ability: 

Problem Solving * 



Grade Level. 4 

On the first day Joe reads 1 pagi of a book on the suond da\ lie 
reads 2 pages, on the third dav he leads 1 pages and on the 
fourth dav he reads 7 paues If Joe continues io read the book 
following this pattern, how main pages will he lead on the sixth 
day? 

Answer: 16 pages 



Grade Level. 8 



\ 


\ 


0 


-7 


1 


-5 


2 


-1 




-1 


4 


1 


5 





If a and uaie related as shown in the table abo\e untean 
algrhi.uc iule that shows the relationship between v and 1/ 

Answer, y = 2x - 7 



Grade Level. 12 



During tlie first 3 hours of a 3,000 nnlc trip, a plane is flown at an 
average speed of v miles pei hour At what a\uag( speul in miles 
pei hour, must the plane be flown for the lemamdei of the 
distance if the entire trip takes 2 more boms'' 

*(A) 1,500- 

o 

1 2 



(H) 



1 ,500 3v 



(('] ] 50) 

2 1 

(I)) —- _ 

3 a 1 500 



*( oue< t aiiswcis foi multiple t lime i* it c 111s ait mduattdbv an 
♦istensk (*) 



CALCULATOR CLASSIFICATIONS 



Sample Questions 

As described in Chapter 5. items may be classified as 
"calculator-inactive. " "calculator-neutral." or "calcula- 
tor-active/' The solution to a calculator-inactive item 
neither requires nor suggests the use of a calculator. 
The solution to a calculator-neutral item docs not 
require the use of a calculator; mven the option, 
however. name students might choose to use a calcu- 
lator to perform numerical operations. The solution to 
a calculator-active item requires the use of a calcula- 
tor. The following sample items provide examples of 
each type of calculator classification 

Grades, 8 and 1 2 

Classification Calculator-inactive 

'I he unmix \ ol miiiiiK s ni 2 du\ s * mild \n del* iiiihk d h\ jn ricirm 
imu which ol the following operations » 

(A) Multiph niii hO In 2 
(H) Dnicliim f>o h\ 2 \ 
K ) Multiph nit* f)0 In 2 \ 
(!)} I)i\kIiiu> 120 In 2 1 
*(K| Multiph mi* ^>o In \H 

Hot tin point (1 U on ih« i- ( i.umul.ii < oonlm.in hi id shown 
below 



© 



Answer: Scored response 

•< oik ( I «tnsw< i * |oj multipli (l!in»( it(ins,ui mdu .lit d In ,in 
aslciisk (*) 
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Grades. 4 and 8 

Classification: Calculator-neutral 



Multiply 



14 

x 28 



(A) 42 
(13) 362 
(C) 372 
*(D) 392 
(K) 522 



Grades. 8 and 12 

Classification: Calculator-neutral 



tat arc in 2 1/2 pounds <>j this piodin t 1 ( lf> oun< cs - ] pound) 



(A) 0 075 

(B) 0 12 
M( ) 1 2 

(Dl 7 5 
(K) 12 0 



Grades. 8 and 12 

Classification C alct ila tor-act i\ c 



\\hai is tin piodu. t o! 42 u7 «»nd to tlx iiciksi uholi iiiuuhci 
Answer: 26,669 {scored response) 

WliK h of thr follouinu b< st ,ippm\mi i!< s th< i,.dm^ <>) <i ( ip 1< 
v\ it h (in uinlcrciK v H) ' 

(A) '\ 87 
MM) 1 77 
{( I "> is 
(D) <>:r> 
fu r> oo 



*t out ( t ,ms\\i i s tor i mi If if »t« ( hi'K ( in iit^ ,m mdx «tt( d 1a <iii 
<»sia isK (*j 
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